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gated in correlation with anti-muricidal effects as well as neurotoxicity.
Tricyclic antidepressants such as amitriptyline, imipramine and nortriptyline markedly de pressed both after-discharge and muricide at doses smaller than neurotoxic doses. The effect of PF-257 was also the same as tricyclic antidepressants.
On the other hand, methamphetamine and pipradrol blocked the muricide at doses smaller than neurotoxic doses without depressing the amygdaloid after-discharge.
Major tran quilizers, chlorpromazine and clozapine depressed both after-discharge and muricide only at doses larger than those which impaired rotarod performance.
Haloperidol, on the contrary, depressed the after-discharge without selectively blocking the muri cide. Minor tranquilizers, diazepam and chlordiazepoxide did not block the muri cide at doses smaller than neurotoxic doses, although they showed a marked depres sion of the after-discharge.
There have been many reports describing the action of antidepressant drugs as being related to the amygdaloid function. Horovitz (1) reported that imipramine blocked mouse killing behavior (muricide) without causing ataxia and sedation when injected directly into the centromedial area of the amygdala in spontaneous mouse-killer rats. Ueki et al. (2) also found that tricyclic antidepressants blocked the muricide only when injected into the medial amygdaloid nucleus in the rats with bilateral olfactory bulb ablations (O.B. rats).
Stille and Sayers (3) described that spike and seizure were recorded from the amyg dala after injection of high doses of imipramine or amitriptyline. Furthermore, Schmitt (4) observed a marked prolongation of the amygdaloid after-discharge in rabbits with low doses of imipramine. Plas and Naquet (5), on the contrary, reported that imipramine shortened the after-discharge induced by amygdaloid stimulation in cats.
These reports suggest that an important site of action of antidepressants is in the amyg dala.
The present study was undertaken to clarify the effects of antidepressants on the amyg daloid after-discharge, in correlation with anti-muricidal effects as well as neurotoxicity.
* Results of this investigation were presented at the 45th (June , 1974) Kinki Regional Meeting of the Japanese Pharmacological Society.
MATERIALS AND METHODS Male Wistar strain rats, weighing 250-300 g at the time of surgery for electrode im plantation, were housed individually and given food and water ad libitum. The experi ments were performed at 23-}_ I °C with a 65_x_5 "relative humidity.
Twisted stainless steel wire electrodes (220 ; in diameter, tip distance of 0.5-1.0 mm) were implanted in the medial amygdaloid nucleus of 40 rats. Stereotaxic coordinates were 0.5 mm posterior to the bregma, 4.5 mm lateral to the midline, 8.0 mm deep from the sur face of the cortex, according to the Atlas of De Groot (6).
The experiment was begun 10-14 days following surgery. The animals were placed in a plastic observation cage (30 ;<40 x 30 cm). EEG was recorded bipolarly on an elec troencephalograph (Nihon Koden ME-92D). The after-discharge was produced by elec tric stimulation of the amygdala with rectangular pulse waves, delivered by an electronic stimulator (Nihon Koden MSE-40).
Intensity was 2 to 8 V, frequency was kept con stant at 40 Hz, pulse duration was 3 msec, stimulation period was 3 sec. The after discharge was recorded in the amygdala bilaterally and the duration was measured.
In the experiments testing drug effects, the amygdaloid stimulation was performed 45 and 75 min before and 15, 30, 60, 120, 180 and 300 min after the drug administration.
Muricide was tested in the rats with bilateral ablations of the olfactory bulb (O.B.
rats) which constantly killed a mouse within 30 sec. When the rat did not kill a mouse within 60 sec, the anti-muricidal effect was regarded as positive.
Neurotoxicity was measured using the same method as described in the previous study (7) . The drugs used were amitriptyline hydrochloride, imipramine hydrochloride, nor triptyline, PF-257 (1,2-benzisoxazole-3-acetamidoxime hydrochloride) (8), methampheta mine hydrochloride, pipradrol hydrochloride, chlorpromazine hydrochloride, clozapine, haloperidol, diazepam and chlordiazepoxide. All drugs were given i.p. When the test was repeated in the same animals, drugs were administered at intervals of 7 days at a mini mum.
After the experiments, the animals were sacrificed and localization of the electrodes in the brain was verified histologically.
RESULTS
The effects of antidepressants on the amygdaloid after-discharge are shown in Figs.
1, 2 and Table 1 .
Amitriptyline at 10-50 mg/kg markedly shortened the duration of after-discharge 15-30 min after administration of the drug. The dose which shortened the duration by 50% (ED50) was 14.5 (7.28-28.9) mg/ kg. Thereafter, the prolongation of discharge was seen 120-180 min after the drug administration. Imipramine at 10 and 20 mg/kg shortened the duration 30 min after the drug, at 50 mg/kg a significant change was also observed 15 min after the drug, and the ED50 was 22.6 (7.19-71.1) mg/kg. Moreover, it slightly prolonged the duration 120-180 min after administration of the drug. Nor Table 2 . Chlorpromazine at 20 mg/ kg slightly depressed the after discharge (30 min after the drug), though the effect was not statistically significant. How ever, a significant prolongation was observed 120-180 min after the drug administration.
Haloperidol, on the other hand, exerted a biphasic effect on the amygdaloid after-dis charge; in an earlier phase it significantly shortened the duration of discharge (30 min after the drug), and the ED50 was 0.48 (0.22-1.11) mg/kg, but in a later phase at 0.5 mg/ kg (60 min after the drug) and 1 mg/kg (180-300 min after the drug) it markedly prolonged the after-discharge. Clozapine, a new major tranquilizer, at 10 mg/kg shortened the after discharge (30 min after the drug), but thereafter significantly prolonged it at 10-50 mg/ kg (60-300 min after the drug). Diazepam at 0.5-2 mg/kg significantly shortened the after-discharge 15-60 min after the drug administration, at 5 mg/kg a significant shorten ing was also observed 120-180 min after the drug, and the ED50 was 0.24 (0.02-2.77) mg/kg.
Chlordiazepoxide also significantly shortened the after-discharge at 1-5 mg/kg, and the ED50 was 1.72 (0.41-7.29) mg/kg. Table 3 shows the ED50 values of various drugs for the effects on the after-discharge and muricide as well as for causing neurotoxicity. Tricyclic antidepressants, amitripty line, iinipramine and nortriptyline depressed both after-discharge and muricide at doses smaller than their neurotoxic ED50s. PF-257 also depressed the after-discharge and Major tranquilizers such as chlorpromazine and clozapine depressed both after-dis charge and muricide only at doses much larger than those impairing rotarod performance.
Haloperidol, diazepam and chlordiazepoxide depressed the after-discharge at doses smaller than neurotoxic ED50s, while the ED50 values of anti-muricidal effect were larger than the rotarod ED50s.
DISCUSSION
In the present investigation, it was found that tricyclic antidepressants (thymolep tics) showed an initial shortening followed by subsequent prolongation of the amygdaloid after-discharge. Plas and Naquet (5) described that imipramine shortened the after-dis charge induced by stimulating the amygdala in cats. Mercier et al. (9) also reported that the amygdaloid after-discharge was abolished in cats and rabbits after high doses of ami triptyline, but obtained inconsistent results with smaller doses. In contrast, Schmitt (4) described that low doses of imipramine lengthened the amygdaloid after-discharge, but high doses of imipramine reduced or even abolished the after-discharge. Watanabe et al. (10) observed that tricyclic antidepressants initially shortened the duration of after discharge, but thereafter lengthened it in rabbits. Our present experiments confirmed their results, and the effect of tricyclic antidepressants in depressing the amygdaloid after discharge was found to be dose-related, and moreover the ED50 value was relatively small, on the contrary, the later facilitating effect on the amygdaloid after-discharge was not significant. Methamphetamine and pipradrol, on the other hand, did not depress the amygdaloid after-discharge.
Horovitz (1) reported that antidepressants specifically blocked the muricide. In our results, thymoleptics depressed both after-discharge and muricide at doses smaller than neurotoxic doses, while psychostimulants (psychoanaleptics) selectively blocked the muri cide without depressing the after-discharge. It is, therefore, conceivable that there is a good correlation of the depression of the amygdaloid after-discharge with blocking of the muricide of thymoleptics. PF-257 was considered as a category of thymoleptics, because it depressed both after-discharge and muricide at doses smaller than the neurotoxic dose.
Major tranquilizers, chlorpromazine and clozapine prolonged rather than shortened the duration of discharge. However, haloperidol initially shortened the duration of dis charge, and thereafter prolonged it. Killam et al. (11) reported that chlorpromazine at low doses decreased the threshold and lengthened the amygdaloid after-discharge. Schal lek et al. (12) also described that chlorpromazine reduced significantly the threshold of the amygdaloid after-discharge. Schmitt (4) described that haloperidol was found to increase selectively the amygdaloid after-discharge. In our results, haloperidol depressed the after-discharge, and its effect seemed to be specific, because the ED50 value was smaller than the rotarod ED50. It was considered that the mode of action of haloperidol on the amygdaloid after-discharge differed from that of chlorpromazine and clozapine. Dia zepam and chlordiazepoxide depressed the after-discharge at doses smaller than neuro toxic doses. It is well known that tranquilizing drugs shorten the amygdaloid and other limbic after-discharge (13).
Although major tranquilizers (chlorpromazine, clozapine and haloperidol) and minor tranquilizers (diazepam and chlordiazepoxide) have various effects on the amygdaloid after-discharge, all these drugs blocked the muricide only at doses much larger than those impairing rotarod performance as described by Horovitz et al. (14) .
From these results, it is suggested that only thymoleptics depressed both amygdaloid after-discharge and muricide. Therefore, it is considered that these experimental methods may be useful to distinguish thymoleptics from psycho stimulants and other psychopharma cological drugs.
